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METHODS AND APPARATUSES TO PROVIDE A WAVELENGTH- 
DIVISION-MULTIPLEXING PASSIVE OPTICAL NETWORK BASED ON 
WAVELENGTH-LOCKED WAVELENGTH-DIVISION- MULTIPLEXED 

LIGHT SOURCES 

RELATED APPLICATIONS 

[001 ] This application claims the benefit of Korean Patent Application 
entitled "Wavelength-division-multiplexing passive optical network based on 
wavelength-locked wavelength-division-multiplexed light sources through 
injected incoherent light," Serial No. 2002-331 8, filed January 21 , 2002. 

FIELD 

[002] Embodiments of this invention relate to wavelength-division- 
multiplexing passive-optical-networks. More particularly, an aspect of an 
embodiment of this invention relates to wavelength-division-multiplexing 
passive-optical-networks using wavelength-locked light sources through 
injected incoherent light. 

BACKGROUND 

[003] Some wavelength-division-multiplexing-passive-optical-networks 
require precise wavelength alignment between the wavelengths of the signal 
from a transmitter in a central office to a device in a remote site distributing 
that signal to a subscriber. In a passive-optical-network, a remote node 
containing the signal-distributing device is typically located outdoors without 
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any electrical power supply. The transmission wavelength of the outdoor 
signal-distributing device can change according to the variation of the 
external temperature. Misalignment of the wavelength between the 
transmitted signal and the operating wavelength of the device distributing the 
signal introduces extra insertion loss in the signal. 
[004] A possible way to minimize the misalignment can be to use a 
narrow-linewidth distributed feedback laser diode (DFB LD) as an optical 
transmitter to satisfy the wavelength alignment condition. However, this 
arrangement may not be an economic solution because of the high price of 
each DFB LD. 

[005] Another passive optical network may use a broadband light 
emitting diode (LED) as an optical transmitter. However, the modulation 
bandwidth of the LED can be narrow, thereby, making it difficult to send data 
at a high bit rate. Moreover, long-distance transmission in a passive optical 
network can be difficult with an LED due to the inherent weak power output 
from an LED. 

[006] Complex channel selection and temperature control circuits have 
been employed to compensate for the large insertion loss in optical signals 
passing through optical multiplexer/demultiplexers located in different 
locations. The operating wavelength of these devices can vary depending 
on the temperature of the device. However, the complexity of the channel 
selection circuit has the disadvantage that the complexity the circuit 
becomes greater and greater as the number of input ports of the circuit 
increases. Thus, the more channels being distributed by a 
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multiplexer/demultiplexer, then the more complex and expensive the channel 

selection and temperature control circuit becomes. 

SUMMARY 

[007] Various methods, systems, and apparatuses are described in 
which a wavelength-division-multiplexing passive-optical-network includes a 
first broadband light source and a second broadband light source. The first 
broadband light source supplies an optical signal containing a first band of 
wavelengths to a first plurality of optical transmitters. The second broadband 
light source supplies an optical signal containing a second band of 
wavelengths to a second plurality of optical transmitters. A fiber is used for 
bi-directional transmission of optical signals in at least two different 
wavelength bands. 

[008] Other features and advantages of the present invention will be 
apparent from the accompanying drawings and from the detailed description 
that follows below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[009] The present invention is illustrated by example and not limitation in 
the figures of the accompanying drawings, in which like references indicate 
similar elements and in which: 

Figure 1 illustrates a block diagram of an embodiment of a 
wavelength-division-multiplexing passive-optical-network based on 
wavelength-locked wavelength-division-multiplexed light sources; 

Figure 2 illustrates a graph of an exemplary first band of wavelengths 
and a second band of wavelengths; 
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Figure 3 illustrates a block diagram of an embodiment of a protection 
device against degradation of the passive-opticahnetwork when a fault 
occurs in either the first broadband light source or the second broadband 
light source; and 

Figures 4a and 4b illustrate a flow diagram of an embodiment of the 
wavelength-division-multiplexing passive-optical-network. 

DETAILED DESCRIPTION 

[001 PI In general, various wavelength-division-multiplexing passive- 
optical-network are described. For an embodiment, the wavelength-division- 
multiplexing passive-optical-network includes a first broadband light source 
and a second broadband light source. The first broadband light source 
supplies an optical signal containing a first band of wavelengths to a first 
plurality of optical transmitters. One or more of the optical transmitters 
receive a spectrally sliced signal from the first band of wavelengths to align 
an operating wavelength of that optical transmitter to the wavelengths within 
the spectrally sliced signal. The second broadband light source supplies an 
optical signal containing a second band of wavelengths to a second plurality 
of optical transmitters. One or more of the optical transmitters receive a 
spectrally sliced signal in the second band of wavelengths and align an 
operating wavelength of that optical transmitter to the wavelengths within the 
spectrally sliced signal. A fiber is used for bi-directional transmission of 
optical signals in at least two different wavelength bands. Other features, 
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aspects, and advantages of the present invention will be apparent from the 
accompanying drawings and from the detailed description that follows below. 
[001 1 ] Figure 1 illustrates a block diagram of ah embodiment of a 
wavelength-division-multiplexing passive-optical-network based on 
wavelength-locked wavelength-division-multiplexed light sources. The 
wavelength-division-multiplexing passive-optical-network 100 includes a first 
location such as a central office, a second location remote from the first 
location such as a remote node, and a plurality of subscriber locations. 
[0012] The example central office contains a first group of optical 
transmitters 101-103 emitting optical signals in a first band of wavelengths, a 
first group of optical receivers 104-106 to accept an optical signal in a 
second band of wavelengths, a first group of band splitting filters 107-109, a 
wavelength-tracking component 130, a first 1xn bi-directional optical 
multiplexer/demultiplexer 1 12, a first broadband light source 114, and a 
second broadband light source 113. 

[0013] The first optical multiplexer/demultiplexer 112 spectrally slices a 
first band of wavelengths received from the first broadband light source 1 14 
and demultiplexes a second band of wavelengths received from the second 
optical multiplexer/demultiplexer 116. Each optical transmitter in the first 
group of optical transmitters 1 01 -1 03 receives a discrete spectrally sliced 
signal in the first band of wavelengths and aligns the operating wavelength 
of that optical transmitter to the wavelengths within the received spectrally 
sliced signal. 
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[0014] Each optical receiver in the first group of optical receivers 104- 
106 receives a discrete demultiplexed signal in the second band of 
wavelengths. The first multiplexer/demultiplexer 1 12 couples to a first group , 
of band splitting filters 1 07-1 09. 

[001 5] A band splitting filter, such as the first broadband splitting filter 
107, splits the first band of wavelengths and the second band of 
wavelengths signals to different ports. Each band splitting filter 107-109 
couples to a given optical transmitter in the first group of optical transmitters 
101-103 and a given optical receiver in the first group of optical receivers 
104-106. For example, the first band splitting filter 107 couples a spectrally 
sliced signal in the first band of wavelengths to the first optical transmitter 
101. Thus, if the wavelength of an input optical signal is in first band of 
wavelengths, the output signal from the first band splitting filter 107 is 
passed to the port parallel to the input port. The first band splitting filter 107 
couples a demultiplexed signal in the second band of wavelengths to the first 
optical receiver 104. Thus, in the case that the wavelength of input signal is 
in the second band of wavelengths, the output port is orthogonal to the input 
direction. 

[0016] The example remote node contains a second 1xn bi-directional 
optical multiplexer/demultiplexer 116. The second 1xn bi-directional optical 
multiplexer/demultiplexer 11 6 connects to the central office via a single 
optical fiber 128. The second 1xn optical multiplexer/demultiplexer 116 
multiplexes and demultiplexes bi-directionally both the broadband optical 
signal containing the first band of wavelengths and the broadband optical 
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signal containing the second band of wavelengths. The second 1xn optical 
multiplexer/demultiplexer 1 16 spectrally slices the second band of 
wavelengths from the second broadband light source 1 1 3. 
[0017] Generally, multiplexing may be the combining of multiple 
channels of optical information into a single optical signal. Demultiplexing 
may be the disassembling of the single optical signal into multiple discrete 
signals containing a channel of optical information. Spectral slicing may be 
the dividing of a band of wavelengths into small periodic lines of 
wavelengths. 

[001 8] Each example subscriber location, for example, the first 
subscriber location, contains a band splitting filter 117, an optical transmitter 
123 to emit optical signals in the second band of wavelengths, and an optical 
receiver 120 to receive optical signals in the first band of wavelengths. The 
second multiplexer/demultiplexer 1 1 6 to demultiplex the first band of 
wavelengths and spectrally slice the second band of wavelengths. The 
second multiplexer/demultiplexer sends these signals to each band splitting 
filter 117-11 9. The band splitting filters 117-119 function to split the input 
signal to an output port according to the input signal band. Each optical 
transmitter, such as the second optical transmitter 123, receives the 
spectrally sliced signal in the second band of wavelengths and aligns its 
operating wavelength for that optical transmitter to the wavelengths within 
the spectrally sliced signal. Each subscriber communicates with central 
office with a different spectral slice within the second band of wavelengths. 
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[0019] A 2x2 optical coupler 1 15 operating in both the first band of 
wavelengths and the second band of wavelengths couples the first 
broadband light source 114 and the second broadband light source 113 to 
the single fiber 128. The 2x2 optical coupler 115 splits the whole second 
band of wavelengths emitted by the second broadband light source 113. The 
optical power directed into the first broadband light source 1 14 is terminated, 
while the other power propagates along the optical fiber cable so that each 
subscriber's optical transmitter gets the broadband of light sliced by the 1xn 
optical multiplexer/demultiplexer 1 1 6 at the remote node. 
[0020] The first broadband light source 1 14, such as an amplified- 
spontaneous-emission source, supplies the first band of wavelengths of light 
to a given optical transmitter in the first group of optical transmitters 101-103 
to wavelength lock the transmission wavelength of that optical transmitter. 
Thus, the range of operating wavelengths for the group of transmitters 101- 
103 in the central office is matched to the operating wavelengths of the first 
multiplexer/demultiplexer 1 1 2 in the central office via the injection of these 
spectrally sliced signals into each of these transmitters in the first group of 
optical transmitters 101-103. The wavelength locking of the each optical 
transmitter to the particular spectral slice passed through the band splitting 
filter solves the large power loss on up-stream signals in the 1xn optical 
multiplexer/demultiplexer 112 due to the wavelength detuning depending on 
the temperature variation in the device at the remote node. In this way, the 
large power loss due to the misalignment between the wavelength of the 
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signal from an optical transmitter 101-103 and the transmission wavelength 
of the multiplexer/demultiplexer 1 12 at the central office is minimized. 

[0021] Similarly, the second broadband light source 113 supplies the 
second band of wavelengths of light to a given optical transmitter 123-125 to 
wavelength lock the transmission wavelength of that optical transmitter in the 
second group. Thus, the operating wavelengths of the second group of 
transmitters 123-125 in the subscriber's local is matched to the range of 
operating wavelengths for the second multiplexer/demultiplexer 1 16 via the 
injection of these spectrally sliced signal into each of these transmitters in 
the second group of optical transmitters. The wavelength locking of the each 
optical transmitter to the particular spectral slice passed through the band 
splitting filter solves the large power loss on up-stream signals in the 1xn 
optical multiplexer/demultiplexer 1 16 due to the wavelength detuning 
depending on the temperature variation in the device at the remote node. In 
this way, the large power loss due to the misalignment between the 
wavelength of the signal from an optical transmitter 123-125 and the 
transmission wavelength of the multiplexer/demultiplexer 1 16 at the remote 
node is minimized. 

[0022] Analogously, the wavelength-tracking component 130 matches 
the transmission wavelength of the first multiplexer/demultiplexer 1 12 to the 
transmission wavelength of a second multiplexer/demultiplexer 116. The 
wavelength-tracking component 130 has an electrical or optical power 
combiner 1 10. The power combiner 1 10 measures the strength of the output 
signal received from the optical receivers 104-106 at central office after the 
second band of wavelengths passes through the first 
multiplexer/demultiplexer 112. A temperature controller 1 1 1 couples to the 
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power combiner 110. The temperature controller 1 1 1 controls the operating 
temperature of the optical multiplexer/demultiplexer 1 12 at central office. 
The temperature controller 1 1 1 may dither the operating temperature of the 
first multiplexer/demultiplexer 1 12 to achieve substantially a maximum power 
output of the power combiner 1 1 0. The maximum power output of the power 
combiner 110 represents substantially the best match of transmission 
wavelengths for both multiplexer/demultiplexers 112, 116. The power 
combiner 110 may measure the strength of a particular receiver or a group 
of receivers. The temperature controller 1 1 1 acts to control the operating 
wavelengths of the passband for each channel of the first 
multiplexer/demultiplexer 112. The mechanism to control the operating 
wavelengths of the passband for each channel of the first 
multiplexer/demultiplexer 112 may also be a strain controller, voltage 
controller or other similar device. 

[0023] For an embodiment, an optical-passive-network consists of only 
non-power supplied passive optical devices without any active devices 
between the central office and optical subscribers. The topology structure of 
the optical distribution network may be a star topology that has the remote 
node with the optical multiplexer/demultiplexer placed near the subscribers, 
and plays a role to relay communications with the central office through a 
single optical fiber and to distribute signals to and from each of the 
subscribers through their own optical fiber. 

[0024] As discussed, the wavelength-division-multiplexing passive- 
optical-network 100 may use different wavelength bands in down-stream 
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signals, such as the first band of wavelengths, and up-stream signals, such 
as the second band of wavelengths. The down-stream signals may 
represent the signals from optical transmitters 101-103 in the central office to 
the subscribers and the up-stream signals may represent the signals from 
optical transmitters 123-125 in the subscribers to the central office. The 
wavelengths of the down-stream signals may be, for example, X1 , A2,... Xn 
and the up-stream signals would be X1*, X2*, Xn* but carried in a different 
band of wavelengths, where X1 and XV are separated by the free spectral 
range of the multiplexer/demultiplexer. 

[0025] As discussed, the 1x n optical multiplexer/demultiplexer 1 16 has 
the function that an optical signal from a port in the left side is demultiplexed 
to the n number of ports in the right side. Further, the optical signals from 
the n-ports in the right side are multiplexed to a port in the left side 
simultaneously. The 1x n optical multiplexer/demultiplexer 116 spectrally 
splices the second band of wavelengths into narrow spectral widths of 
wavelengths. Because the optical multiplexer/demultiplexer can be operated 
on more than two bands of wavelengths, the bi-directionally propagated up- 
stream signals and down-stream signals in different bands can be 
multiplexed and demultiplexed at the same time. Each of the bands of 
wavelengths operated on by the optical multiplexer/demultiplexer may be 
offset by one or more intervals of the free spectral range of the optical 
multiplexer/demultiplexer. 

[0026] Each optical transmitter may be directly modulated by , for 

example, electrical current modulation to embed information onto the specific 
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wavelength transmitted by that optical transmitter. For an embodiment, one 
or more of the optical transmitters may be a Fabry-Perot semiconductor 
laser that are injected with the spectrum-sliced broadband Incoherent light . 
from an amplified-spontaneous-emjssion light source. For an embodiment, 
one or more of the optical transmitters may be a wavelength-seeded 
reflective semiconductor optical amplifier (SOA). One or more of the optical 
transmitters support high bit-rate modulation and long-distance transmission. 
A reflective SOA may also as act as the modulation device. The optical 
transmitters may be modulated, wavelength locked using wavelength 
seeding, provide signal gain for the wavelengths within the spectral slice 
and increase the extinction ratio between the injected wavelengths and 
wavelengths outside the spectral slice. 

[0027] For an embodiment, a broadband light source may be a light 
source based on semiconductor optical amplifiers, a light source based on 
rare-earth ion-doped optical fiber amplifiers, a light emitting diode, or similar 
device. The broadband light source may provide light with any kind of 
characteristic such as coherent or incoherent light. 
[0028] For an embodiment, an optical multiplexer/demultiplexer can be 
achieved by an arrayed waveguide grating including an integrating 
waveguide grating, a device using thin-film filters, a diffraction grating, or 
similar device. The optical multiplexer/demultiplexer can also be a dielectric 
interference filter or similar device. 

[0029] For an embodiment, a wavelength-seeded optical source injected 
with the incoherent light minimizes the loss of a portion of a signal because 
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of the characteristic of a multiplexer/demultiplexer to pass only wavelengths 
within a set channel passband. The wavelength tracking of the operating 
wavelengths of both of the multiplexer/demultiplexers assists in minimizing 
due to wavelength misalignment between these devices. 
[0030] Figure 2 illustrates a graph of an exemplary first band of 
wavelengths and a second band of wavelengths. The graph shows 
wavelengths 232 in nanometers horizontally across the graph and optical 
power 234 of a particular wavelength vertically. The example first band of 
wavelengths 236 spans from 1534 nanometers to 1546 nanometers with a 
center wavelength of 1540. The example second band of wavelengths 238 
spans from 1552 nanometers to 1564 nanometers with a center wavelength 
of 1558. A free spectral range 240 of approximately 18 nanometers 
separates the wavelengths within the two bands of wavelengths 236, 238. 
For example, A1 * at 1 552 nanometers is offset from A1 at 1 534 nanometers 
by 18 nanometers. The example An* at 1564 is offset from An by 18 
nanometers. The optical multiplexer/demultiplexer in the remote node 
spectrally slices the second band of wavelengths 238 into, for example, .4 
nanometer spectral slices. Each different spectral slice is output via a 
different port in the multiplexer/demultiplexer to an individual subscriber. 
[0031] For example, a first spectral slice 250 in the second band of 
wavelengths may go to the optical transmitter in subscriber number 1. The 
second spectral slice 252 the second band of wavelengths may go to the 
optical transmitter in subscriber number 2. Through the wavelength-seeding, 
the optical transmitter wavelength locks with the first spectral slice 250 in the 
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second band of wavelengths. The optical transmitter aligns and provides 
lasing action for the wavelengths in the first spectral slice 250. Further, the 
optical multiplexer/demultiplexer in the remote node may demultiplex the 
downstream channels from the optical multiplexer in the central office. The 
first channel 254 in the first band of wavelengths 236 may be demultiplexed 
to a band splitting filter and the optical receiver in subscriber number 1. The 
second channel 256 in the first band of wavelengths 236 may be 
demultiplexed to a band splitting filter and the optical receiver in subscriber 
number 2. 

[0032] For an embodiment, the first band of wavelengths may be a 
standard band of wavelengths designated for telecommunications, such as 
the C band 1525-1560 nanometers. The second band of wavelengths may 
be a standard band of wavelengths designated for telecommunications that 
differs from the standard band of wavelengths designated for 
telecommunications being used by the first band of wavelengths, such as the 
L band 1570-1 620nanometers. 

[0033] Alternatively, the second band of wavelengths may be a band of . 
wavelengths having a wavelength offset of a free spectral range between 5- 
100 nanometers. The spectral separation between the first band of 
wavelengths and the second band of Wavelengths should be great enough 
to prevent the occurrence of interference between the filtered spectrally 
sliced downstream signal to a subscriber and the filtered upstream signal 
from that subscriber. 
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[0034] Figure 3 illustrates a block diagram of an embodiment of a 
protection device against degradation of the passive-optical-network when a 
fault occurs in either the first broadband light source or the second 
broadband light source. When a fault in the first broadband light source or 
the optical signal containing the first band of wavelengths 303 is detected, 
for instance, a 1 x2 optical switch 306 changes the path from the first 
broadband light source to an alternate optical signal containing the first band 
of wavelengths such as the third broadband light source 302. Also, a 1x2 
optical switch 307 may switch the broadband light source from the second 
band light source 304 to the fourth broadband light source 305. Each 
broadband light source 302-305 may have an isolator to prevent signals 
coming from the optical coupler to enter that broadband light source. 
[0035] Figures 4a and 4b illustrate a flow diagram of an embodiment of 
the wavelength-division-multiplexing passive-optical-network. For an 
embodiment, the passive-optical-network passes upstream and down- 
stream signals between a first location and a second location remote from 
the first location. 

[0036] In block 402, the passive-optical-network supplies an optical 
signal containing a first broadband band of wavelengths to a first 
multiplexer/demultiplexer from a source such as an amplified-spontaneous- 
emission light source. 

[0037] In block 404, the passive-optical-network spectrum slices the first 
broadband of wavelengths with the first multiplexer/demultiplexer. 
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[0038] In block 406, the passive-optical-network supplies the spectrally 
sliced wavelengths to a first group of optical transmitters in order to control 
the transmission output wavelength in the first band of wavelengths that is , 
generated by one or more optical transmitters in the first group. Each optical 
transmitter self-aligns the operating wavelength of that optical transmitter to 
the wavelengths within a spectral slice received from the first 
multiplexer/demultiplexer. 

[0039] For an embodiment, the transmitters in a first location, such as a 
supervisory node, generate the down-stream signals. The down-stream 
signals pass through its band splitting filter. The 1x n optical 
multiplexer/demultiplexer in the supervisory node wavelength-division 
multiplexes the down stream signals. An nxn optical coupler splits those 
downstream signals. The signals forced into the first broadband light source 
are terminated, while the other signals are bound for each optical subscriber 
after being demultiplexed by the 1xn optical multiplexer/demultiplexer 
located at the remote node. At the subscriber side, the signals are passed 
through band splitting filter and reach the optical receivers. 
[0040] In block 408, the passive-optical-network supplies a broadband 
optical signal containing a second band of wavelengths to a second 
multiplexer/demultiplexer. 

[0041] In block 41 0, the passive-optical-network spectrally slices the 
second broadband of wavelengths with the second 
multiplexer/demultiplexer. 
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[0042] In block 412, the passive-optical-network supplies the spectrally 
sliced wavelengths to a second group of optical transmitters in order to 
control the transmission output wavelength in the second band of 
wavelengths that is generated by one or more optical transmitters in the 
second group. Each optical transmitter self-aligns the operating wavelength 
of that optical transmitter to the wavelengths within a spectral slice received 
from the second multiplexer/demultiplexer. The first 
multiplexer/demultiplexer may be located in a first location such as 
supervisory node and the second multiplexer/demultiplexer may be located 
in a second location remote from the first location, such as a remote node. 
[0043] For an embodiment, the upstream-signals depart from the optical 
transmitters in the subscriber side, pass through band splitting filters and are 
multiplexed by a 1xn optical multiplexer/demultiplexer at the remote node. 
The nxn optical coupler splits the multiplexed signals after passing through 
the optical fiber cable. The upstream signals split into the second broadband 
light source 1 13 are terminated, while the other up-stream signals continue 
to propagate to optical receivers at the supervisory node via a 1xn optical 
multiplexer/demultiplexer. 

[0044] In block 414, the passive-optical-network tracks the optical power 
of the second band of wavelengths received at the first location after passing 
through the first multiplexer/demultiplexer and adjusts the transmission band 
of wavelengths passed by the first multiplexer/demultiplexer based upon 
achieving substantially maximum power for that second band of 
wavelengths. 
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[0045] In block 4 1 6, the passive-optical-network may switch to an 
alternate source for the optical signal containing the first broadband band of 
wavelengths if a fault is detected with an original source for the optical signal 
containing the first broadband band of wavelengths. Similarly, the passive- 
optical-network may switch to an alternate source for the optical signal 
containing the second broadband band of wavelengths If a fault is detected 
with an original source for the optical signal containing the second 
broadband band of wavelengths. 

[0046] Note, the specific numeric reference should not be interpreted as 
a literal sequential order but rather interpreted that the first band of 
wavelength is different than a second band of wavelengths. Thus, the 
specific details set forth are merely exemplary. 
[0047] In the forgoing specification, the invention has been described 
with reference to specific exemplary embodiments thereof. It will, however, 
be evident that various modifications and changes may be made thereto 
without departing from the broader spirit and scope of the invention as set 
fourth in the appended claims. For example, a single device may provide 
the function of both the first broadband light source and the second 
broadband light source; the WDM PON may use more than two different 
bands of wavelengths; each multiplexer/demultiplexer may be an athermal 
an arrayed waveguide grating; an optical transmitter may be operated 
continuous wave and modulated by an external modulator, etc. The 
specification and drawings are, accordingly, to be regarded in an illustration 
rather then a restrictive sense. 
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CLAIMS 

We claim: 

1 . A system; comprising: 

a wavelength-division-multiplexing passive-optical-network including 

a first broadband light source to supply an optical signal containing a 

first band of wavelengths to a first plurality of optical transmitters; 
a second broadband light source to supply an optical signal 

containing a second band of wavelengths to a second plurality of optical 

transmitters; and 

a fiber for bi-directional transmission of optical signals in at least two 
different wavelength bands. 

2. The system of claim 1, further comprising: 

a optical coupler operating in both the first band of wavelengths and 

the second band of wavelengths, wherein the first broadband light source 
and the second broadband light source couple to the fiber through the 
optical coupler. 

3. The system of claim 1 f further comprising: 

a third spare broadband light source, and 

an optical switch to couple the third broadband light source to the 
wavelength-division-multiplexing passive-optical-network if a fault is detected 
in the first broadband light source. 

4. The system of claim 1 , further comprising: 
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a wavelength tracking component having a power combiner to 
measure the strength of the second band of wavelengths after passing 
through an optical multiplexer/demultiplexer, and 

a temperature controller to control an operating temperature of the 
optical multiplexer/demultiplexer to maximize the output of the power 
combiner. 

5. The apparatus of claim 1 , further comprising: 

a first optical multiplexer/demultiplexer to multiplex and demultiplex 
bi-directionally both the optical signal containing the first band of 
wavelengths and the optical signal containing the second band of 
wavelengths; and 

a second optical multiplexer/demultiplexer to multiplex and 
demultiplex bi-directionally both the optical signal containing the first band of 
wavelengths and the optical signal containing the second band of 
wavelengths, 

6. An apparatus, comprising: 

a wavelength-division-multiplexing passive-optical-network including 
a first optical transmitter to emit an optical signal in a first band of 
wavelengths; 

a second optical transmitter to emit an optical signal in a second 
band of wavelengths; 

a first optical receiver to accept the optical signal in the first band of 
wavelengths; 

a second optical receiver to accept the optical signal in the second 
band of wavelengths; 

a first broadband light source supplying the first band of wavelengths 
to the first optical transmitter to wavelength lock the transmission wavelength 
of the first optical transmitter; and 



20 



WO 03/063401 



PCT/US03/01782 



a second broadband light source supplying the second band of 
wavelengths of light to the second optical transmitter to wavelength lock the 
transmission wavelength of the second optical transmitter. 

7. The apparatus of claim 6 further comprising 

a first band splitting filter to split the first band of wavelengths and the 
second band of wavelengths signals to different ports, a first port couples to 
the first optical transmitter and a second port couples to the second optical 
receiver. 

8. The apparatus of claim 6, further comprising: 

a first optical multiplexer/demultiplexer to multiplex and demultiplex 
bi-directionally both the optical signal containing the first band of 
wavelengths and the optical signal containing the second band of 
wavelengths. 

9. The apparatus of claim 8, further comprising: 

a second optical multiplexer/demultiplexer to multiplex and 
demultiplex bi-directionally both the optical signal containing the first band of 
wavelengths and the optical signal containing the second band of 
wavelengths. 

10. The apparatus of claim 8, further comprising: 

a wavelength tracking component having a power combiner to 
measure a strength of an output signal of the first optical receiver, and 

a temperature controller to control the operating temperature of the 
first optical multiplexer/demultiplexer to maximize the strength of the output 
signal. 

1 1 . The apparatus of claim 6, wherein the first optical transmitter is located 
in a first location and the second optical transmitter is located in a second 
location remote from the first location. 
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12. The apparatus of claim 6, wherein the first broadband light source is a 
light source based on a semiconductor optical amplifier. 

13. The apparatus of claim 6, wherein the first broadband light source is a 
light source based on an optical fiber amplifier. 

14. The apparatus of claim 6, wherein the first broadband light source is a 
light emitting diode. 

15. The apparatus of claim 6, wherein the first optical 
multiplexer/demultiplexer is an arrayed waveguide grating. 

16. The apparatus of claim 6, wherein the first optical transmitter is a Fabry 
Perot laser diode. 

17. The apparatus of claim 6, wherein the first optical transmitter is a 
reflective semiconductor amplifier. 

18. The apparatus of claim 6, further comprising: 

a third broadband light source, and 

an optical switch to couple the third broadband light source to the first 
optical transmitter if a fault is detected in the first broadband light source. 

19. The apparatus of claim 6, wherein the first band of wavelengths 
comprises a first standard band of wavelengths designated for 
telecommunications. 

20. The apparatus of claim 19, wherein the second band of wavelengths 
comprises a second standard band of wavelengths designated for 
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telecommunications that differs from the first standard band of wavelengths 
designated for telecommunications being used by the first band of 
wavelengths. 

21. The apparatus of claim 6, wherein the second band of wavelengths 
comprises a band of wavelengths having a spectral separation of between 5- 
1 00 nanometers apart from a peak wavelength of the first band of 
wavelengths. 

22. A method, comprising: 

supplying an optical signal containing a first band of wavelengths to a 
first multiplexer/demultiplexer; 

spectrum slicing the first band of wavelengths with the first 
multiplexer/demultiplexer; 

supplying the spectrally sliced wavelengths to a first group of optical 
transmitters in order to align an operating wavelength of one or more of the 
optical transmitters in the first group to wavelengths within a spectral slice 
received from the first multiplexer/demultiplexer; 

supplying an optical signal containing a second band of wavelengths 
to a second multiplexer/demultiplexer; 

spectrum slicing the second band of wavelengths with the second 
multiplexer/demultiplexer; and 

supplying the spectrally sliced wavelengths to a second group of 
optical transmitters in order to align an operating wavelength of one or more 
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of the optical transmitters in the second group to wavelengths within a 
spectral slice received from the second multiplexer/demultiplexer. 

23. The method of claim 22, wherein the first multiplexer/demultiplexer is 
located in a first location and the second multiplexer/demultiplexer is located 
in a second location remote from the first location. 

24. The method of claim 23, further comprising: 

tracking an optical power of the second band of wavelengths received 
at the first location after passing through the first multiplexer/demultiplexer; 
and 

adjusting the transmission band of wavelengths passed by the first 
multiplexer/demultiplexer based upon achieving substantially maximum 
power for the received second band of wavelengths. 

25. The method of claim 22, further comprising: 

switching to an alternate source for the optical signal containing the 
first broadband band of wavelengths if a fault is detected with an original 
source for the optical signal containing the first broadband band of 
wavelengths. 

26. An apparatus, comprising: 

means for supplying an optical signal containing a first band of 
wavelengths to a first multiplexer/demultiplexer; 
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means for spectrum slicing the first band of wavelengths with the first 
multiplexer/demultiplexer; 

means for supplying the spectrally sliced wavelengths to a first group 
of optical transmitters in order to align an operating wavelength of one or 
more of the optical transmitters in the first group to wavelengths within a 
spectral slice received from the first multiplexer/demultiplexer; 

means for supplying an optical signal containing a second band of 
wavelengths to a second multiplexer/demultiplexer; 

means for spectrum slicing the second band of wavelengths with the 
second multiplexer/demultiplexer; and 

means for supplying the spectrally sliced wavelengths to a second 
group of optical transmitters in order to align an operating wavelength of one 
or more of the optical transmitters in the second group to wavelengths within 
a spectral slice received from the second multiplexer/demultiplexer. 

27. The apparatus of claim 26, wherein the first multiplexer/demultiplexer is 
located in a first location and the second multiplexer/demultiplexer is located 
in a second location remote from the first location. 

28. The apparatus of claim 27, further comprising: 

means for tracking an optical power of the second band of 
wavelengths received at the first location and adjusting the transmission 
band of wavelengths passed by the first multiplexer/demultiplexer based 
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upon achieving substantially maximum power for the received second band 
of wavelengths. 

'* » ' » . » . 

29. The method of claim 26, further comprising: 

means for switching to an alternate source for the optical signal 
containing the first broadband band of wavelengths if a fault is detected with 
an original source for the optical signal containing the first broadband band 
of wavelengths. 

30. An apparatus; comprising: 

a wavelength-division-multiplexing passive-optical-network including 

a first optical multiplexer/demultiplexer to spectrally slice a first band 
of wavelengths and to demultiplex a second band of wavelengths; 

an optical transmitter to receive a first spectrally sliced signal in the 
first band of wavelengths and to align an operating wavelength of that optical 
transmitter to a wavelengths within the first spectrally sliced signal; and 

an optical receiver to receive a second signal in the second band of 
wavelengths. 

31. The apparatus of claim 30, further comprising: 

a band splitting filter, the band splitting filter to couple the first 
spectrally sliced signal in the first band of wavelengths to the optical 
transmitter and the second signal in the second band of wavelengths to the 
optical receiver. 
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32. The apparatus of claim 30, further comprising: 

a wavelength tracking component to match a transmission 
wavelength of the first multiplexer/demultiplexer to a transmission 
wavelength of a second multiplexer/demultiplexer in a location remote from 
the first multiplexer/demultiplexer. 

33. The apparatus of claim 30, wherein the first optical 
multiplexer/demultiplexer is a dielectric interference filter. 

34. The apparatus of claim 30, further comprising: 

a first broadband light source supplying the first band of wavelengths; 

a second broadband light source supplying the second band of 
wavelengths; and 

an optical coupler operating in both the first band of wavelengths and 
the second band of wavelengths, wherein the optical coupler couples the 
first broadband light source and the second broadband light source to the 
first optical multiplexer/demultiplexer. 
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Supplying an optical signal containing a first broadband band of wavelengths to a 
first multiplexer/demultiplexer from a source such as an amplified-spontaneous- 
... emission light source 



Spectrum slicing the first broadband of wavelengths with the first multiplexer/ 

demultiplexer 

404 



1 



Supplying the spectrally sliced wavelengths to a first group of optical transmitters 
in order to align an operating wavelength of the one or more optical transmitters in 
the first group to the wavelengths within a spectral slice received from the first 
40Q multiplexer/demultiplexer 



Supplying an optical signal containing a second broadband band of wavelengths 
to a second multiplexer/demultiplexer 

408 



Spectrum slicing the second band of wavelengths with the second multiplexer/ 

demultiplexer 

410 



Supplying the spectrally sliced wavelengths to a second group of optical 
transmitters in order to align an operating wavelength of the one or more optical 
transmitters in the second group to the wavelengths within a spectral slice 
412 'e<J from the second multiplexer/demultiplexer 



Figure 4a 
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Tracking an optical power of the second band of wavelengths received at the first 
location and adjusting the transmission band of wavelengths passed by the first 
multiplexer/demultiplexer based upon achieving substantially maximum power for 
414 that second band of wavelengths 



Switching to an alternate source for the optical signal containing the first 
broadband band of wavelengths if a fault is detected with an original source for 
the optical signal containing the first broadband band of wavelengths. 
416 




Figure 4b 



